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ABSTRACT 
This project describes' a controller device, called MIDI (Music Instrument Digital 
interface) to control an Angklung (Traditional Music Instrument) with 2 Octaves diatonic 
automatically. MIDI device or MID! files will generate MID! data which is decoded into 
music synthesis commands to the electric motor (DC Motor). Angklung will be control from 
MIDI Keyboard or Computer as interface. This project will show how far the accuracy of the 
way to play Angklungs between human and autonomous technology.
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ABSTRAK 
Projek mi menerangkan alat kawalan, yang dipanggil MID! (Musical Instrument 
Digital Interface) untuk mengawal Angklung (Alat Muzik Tradisional) dengan 2 Oktaf 
diatonic secara automatik. Peranti MIDI atau fail MID! akan menjana data MIDI yang 
dinyahkod ke dalam arahan sintesis muzik kepada motor elektrik (DC Motor). Angklung 
akan dikawal dari keyboard MID! atau komputer sebagai antara muka. Projek mi akan 
menunjukkan sejauh mana ketepatan cara untuk bermain angklung antara manusia dan 
teknologi autonomi.
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CHAPTER 1 
INTRODUCTION AND GENERAL INFORMATION 
1.1 INTRODUCTION 
This chapter will briefly explain about the introduction of this project task. 
The introduction is general information regarding to the topic that will be discuss in 
this project. This chapter consist of project background, problem statement, 
objectives, scope and significant of the project. 
1.2 BACKGROUND 
Many traditional musical instruments have been modified according to the 
latest trends from an instrument which automatically controlled. For this project, 
Angklung will be implemented to produce an automatic control via MIDI (Musical 
Instrument Digital Interface) Sequencer. 
Angklung is a musical instrument from Indonesia. This musical instrument is 
made from bamboo tube in which the sound is generated from air resonance due to 
the vibration at the internode of bamboo tube. It consists of two bamboo tube in a 
bamboo frame like shown in figure 1.1. Angklung sound is produced with a 
frequency that represent a particular tone by the size of internode of bamboo tube. 
Therefore, an Angklung musical instrument usually is a series of several section of 
bamboo internode to produce a variety of tones that covers the notes in a song.
I 
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Figure 1.1: Angklung 
An Angklung that represent a note usually consist of two section of bamboo 
internode of different size in length but have the same kind of tone. The length is 
designed to determine the high and low tones. Thus, in general, an Angklung can 
produce sound of a note with a combination of high and low tone frequencies. 
Angklung tones usually correspond to either pentatonic or diatonic musical 
scales. The pentatonic scale consists of five notes per octaves, whereas the diatonic 
scale consists of seven notes in one octave. Therefore, the number of Angklung 
corresponds to the number of notes, both in diatonic and pentatonic scales, which are 
required to play a song. Generally the notes required are more than one octave. The 
set of angklung use in this project is shown in figure 1.2.
-1 
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Figure 1.2: Set of Angklung [2] 
The notes sound will be produced when shaken or vibrated. When shake the 
Angklung, the vibration of the bamboo against the base produces a pitch. Each 
instrument makes only one pitch, to make complete melody it takes many single 
Angklungs to be use. In this project, Angklung 2 and half octaves will be use, means 
needs 18 bamboos. Unfortunately, playing Angklung by a single player cannot 
produce musical sound perfectly, especially to play three notes at the same time 
(chord). In order to play a song perfectly, more than a person or a group of Angklung 
players are required. Therefore, it is required to invent a device for playing an 
Angklung musical instrument automatically. 
The Angklung will be automatically controlled via MIDI Sequencer. A MIDI 
sequencer is in essence a MIDI music player program.
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The sequencer created for this project is a program that runs on a Windows 
operating system and piano keyboard. Its function is to read Standard MIDI Files and 
parse the relevant information for sending to the MIDI decoder. 
MIDI is a protocol which sends a series of message like "note on", 'note off', 
"note/pitch" and many more. 
The key is pushed down as shown in figure 1.3 and it produces sound in 
musical note (which continues to sound while the musician continues holding down 
the key). This single gesture is known as a Note-On in MIDI terminology. In figure 
1.4, the key is release. This stops the musical note from sounding. This single gesture 
is known as a Note Off to MIDI. 
Figure 1.3: The key is pushes down (and hold down) on a keyboard. [3]
Figure 1.4: The key is releases (holding down) on a keyboard. [3] 
In MIDI message contains a start bit, 8 data bits (1 Byte). This message 
comprised of two components that is "commands and "data" bytes. The command 
byte tells what types of message are being send to the MIDI instrument and data 
bytes functions to store the actual data. Note on message consist of two piece 
information which is called "note" and "velocity" 
This project, Design a MIDI decoder for auto Angklung is to develop 2 and 
half octave Angklungs that can play automatically without controlled by humans. 
MIDI sequencer will be decoded to send series data consist of channel message and 
velocity message. After decoding this message, it will be send to motor driver to 
control the DC motor to shake the Angklung follows from the MIDI messages. This 
project also will show how far the accuracy of the way to play Angklungs between 
human and autonomous technology. 
1.3 PROBLEM STATEMENT 
The idea of using automatic control for musical instruments it not new. 
Nowadays, many musical instruments have implemented to control automatically, 
for example, automatic playing violin, anonymous playing guitar and etc.
5 
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For this project, Angklung will be used to be control automatically. Actually, 
Angklung also have already implemented in automatically control, for example in 
Indonesia, their student have develop angklung-playing system under the names 
"KlungBOt" and "Klungto Mobi". Innovation of these two instruments is just being 
preinstalled to the system using parallel communication and the songs that Angklung 
want to play automatically needs to be programmed in the memory of the 
microcontroller. 
In this project, the difference between the previous inventions is using MIDI 
protocol to control the automatic Angklung. There are some problems need to be 
addressed to ensure that the objective is achieved successfully. The problems that 
need to be taken into account are as, extracting the MIDI message from a MIDI file, 
controlling an Angklung automatically using MIDI message and control it in real 
time. 
1.4 OBJECTIVES 
The objective of this project is to design and develop a MIDI decoder to 
automatically control an Angklung. Some of the specific aims of this project are: 
i. To decode MIDI message 
Decode raw MIDI message from MIDI Keyboard or PC Based interface to 
microcontroller. 
ii. To analyze transmission efficiency MIDI signal 
iii. To analyze latency of human ear with produced sound 
MIDI Signal out from microcontroller will be measured, and analysis the 
delay whether this delay affect human ear latency.
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1.5 SCOPE OF STUDY 
This project will comprise of several stages such as: 
i. Learning and interfacing MIDI message Input and Output 
ii. Program to decode a MIDI message 
iii. Design MIDI sequence in graphical method 
iv. Design extra interface circuitry 
V. Performance evaluation 
1.6 EXPECTED PERFORMANCE 
Expected performance is to overcome the human limitation in playing 
Angklung musical instruments. MIDI message is decoded and signal data will be 
sending to motor driver to generate DC motor to shake the Angklung. Angklung is 
controlled from MIDI keyboard, Computer or Android as interface.
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1.8 THESIS OUTLINE 
Chapter 1 outline briefly explains about the introduction of the project task. 
This chapter consists of Design a MIDI Decoder for auto angklung. Chapter 2 outline 
previous method of automatic Angklung controller, focusing on the use of MIDI 
sequencer, as well as the fundamental of MIDI, decoding MIDI, programming 
method and the Angklung. Chapter 3 discusses the method that use in this project 
and the entire working algorithm to the MIDI controller. Chapter 4 talks about the 
experimental result and performance analysis from decoding the MIDI sequencer. A 
summary of this project presented herein and along with of possible future work 
contained in Chapter 5. Finally, Appendix A contains the sketch of designing this 
project.
CHAPTER 2 
LITERATURE REVIEW 
2.1 INTRODUCTION 
This chapter will briefly explain about related to MIDI message, serial 
communication and musical instrument Angklung. The sources are taking from the 
journals, articles and books. Literature reviews helping in order to provide important 
information regarding previous researches which related to this project. 
2.2 HISTORICAL DEVELOPMENT OF MIDI 
MIDI is short for Musical Instrument Digital Interface. The creation of MIDI 
in 1983 is closely tied to development of music synthesizers, but it has spawned the 
whole industries of interactivity far beyond the dream of 1983 .(MIDI Manufacturer, 
1995) 
2.2.1 Musical Synthesizers: In the Beginning 
Electronic musical instruments had been around in some form since the late 
nineteenth century. The Teiharmonium and the Singing Telegraph date back to the 
beginnings of electricity itself while throughout the first half of the twentieth century, 
electronic musical contraptions were quite the rage in Europe, from the 
French Ondes-Martenot to the German Pianorad, to the Russian Theremin. In figure
10 
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2.1, show that the telharmonium, the first electronic musical instrument develop in 
1897. (MIDI Manufacturer, 1995) 
The word 'Synthesizer' didn't arrive on the scene until the 1950s with the 
RCA Synthesizer I and II, but it wasn't long before these room-sized pieces of 
engineering had been, themselves, 'synthesized' down into more acceptable 
components and indeed 'modules' thanks to the pioneering work of visionaries like 
Dr Robert Moog, Don Buchla, Haorld Bode, Pete Zinovieff, and Dave Cockerell. 
(MIDI Manufacturer, 1995) 
Moog is generally, and appropriately, credited for taking the synthesizer out 
of the university laboratory and putting it in the hands of musicians. Certainly from 
the time of Walter Carlos' ground-breaking Switched on Bach recording (1968) to the 
release of the Mini Moog (1970) both musicians and the music-buying public became 
enamored - if not frankly dazzled - by the sonic possibilities now seemingly on the 
musical horizon.
Figure 2.1: Teiharmonium [3]
As it turned out it was a false dawn. The synthesizers of the 1970s might have 
been unrestricted sonically but in terms of playability, stability, polyphony, and 
compatibility they were still very limited indeed. 
Early integrated circuits-based synthesizers from Moog, ARP, and EMS 
opened the door but it was the arrival of Japanese companies like Korg, Roland, and 
Yamaha in the middle 1970s that converted potential into popularity. (Nagle, Paul, 
1995) 
2.2.2 Digitally Controlled Synthesizers 
The popularity of synthesizers got a major boost in 1978 when 
microprocessor-based instruments began to appear, spearheaded by a new California 
company Sequential Circuits. The Prophet-5, though still hugely limited by today's 
standards, offered reasonable levels of playability, stability, and polyphony, albeit at 
a hefty price at the time (around $4000). Soon Korg, Roland, and Yamaha's 
microprocessor-based offerings would slash prices in half, and by the turn of the 
decade the polyphonic synthesizer was firmly on the map for every self-respecting 
keyboard player from hobbyists to touring professionals. The days of 
the Hammond organ, the Fender Rhodes piano, and latterly the Hohner 
Clavinet were coming to an end. 
Stability, playability, and polyphony continued to evolve in the early 1980s 
but compatibility remained a thorn in the side of manufacturers. The multifarious 
nature of synthesizer design meant that each manufacturer had been defining pitch 
and timing (Control Voltage and Gate) data in their own way. Once polyphonic, 
digital technology became available manufacturers they began to design unique 
digital interfaces that would, at the very least, allow to connect several Korg, or 
Roland, or Yamaha synths together. Roland developed its DCB (Digital 
Communication Bus), Yamaha its Key Code Interface etc. 
Visionaries like Dave Smith from Sequential Circuits, and Ikutaru Kakehashi 
from Roland began to worry that this lack of compatibility between manufacturers
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would restrict people's use of synthesizers, which would ultimately inhibit sales 
growth. Talk of a 'universal' digital communication system thus began circulating in 
1981. Dave Smith and Chet Wood presented a paper that year at ABS proposing a 
concept for a Universal Synthesizer Interface running at 19.2 kBaud, using regular 
1/4" 
phone jacks. At 'the following NAMM show in January 1982 a meeting took 
place between the leading American and Japanese synthesizer manufacturers where 
certain improvements were made to the specification: increasing the Baud rate to 
31.25 and adding the opt-isolation circuit. 
2.2.3 MIDI is born 
MIDI (an acronym for "musical instrument digital interface") as its name was 
ultimately chosen, was first announced to the public in 1982, and by as early as 
January 1983 actually appeared on an instrument; the Sequential Prophet-600. 
Roland's JX3P followed hot on its heels, was 'connected' successfully, and a new 
chapter in the history of electronic musical instruments was born. (MIDI 
Manufacturer, 1995) 
In 1983, the MIDI Specification was only about 8 pages long and defined 
only the most basic instructions one might want to send between two synthesizers' 
things like how to play notes and how to control the output volume, etc. Very 
quickly, the arrival of this 'common (digital) language' created demand for new 
MIDI messages that enabled greater control of synthesizers but also for control of 
other recording gear and even stage lighting. MIDI also enabled computers to be 
applied to the music-making process. Although the way that MIDI works has not 
changed since 1983 (also almost preposterously inconceivable), the,MIDI protocol 
has grown to encompass such additional concepts as: standardized MIDI song files 
(General MIDI, 1991); new connection mechanisms such as USB, FireWire, and Wi-
Fi; new markets such as mobile phones and video games; and a whole world of 
alternative' and 'performance' based MIDI products. 
The agreement to adopt a standard (and royalty-free) technology was an 
incredible achievement in itself - and substantially unmatched to this day - but it
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was also remarkable for what it then enabled. Sequencers, sampling, digital drum 
machines, dedicated computer control, ultimately a complete revolution within the 
recording industry. It is hard to imagine that any of these technologies or 
developments would have occurred, or certainly have been as wide-reaching, without 
the glue of MIDI. (General MIDI, 1991) 
2.4	 MIDI Protocol 
MIDI is a serial protocol that enables electronics musical instruments, 
computers and other equipment to communicate, control and synchronize with each 
other. (William Llord and Paul Terry,1996). The MID! protocol is made up of 
messages. A message consists of string (ie, series) of 8-bit bytes. MIDI has many 
such defined messages. Some messages consist only 1 byte, two or three bytes in 
length, although some may be longer. 
"Each MID! message, regardless of its length contains a single status byte 
and zero or more data bytes. The numerical value of a status byte is always between 
128 and 255 (0x80 to OXff). All data bytes fall between 0 and 127 (OxOO to Ox7F). 
This provides easy identification of status data, but limits the range of a single data 
value to seven bits." (Paul Messick, 1998) 
MIDI message consist two basic types: Channel message and system 
message. Channel message are directed at a particular destination and are subdivided 
into channel note and channel mode message. (Paul Messick, 1998) System message 
come in three flavors: system common message, system Real-Time message and 
System Exclusive messages. 
MIDI data bytes are organized into two major classification, Status bytes and 
Data bytes. Any Byte that has the MSB (Most Significant Bit) equal to 1 is a status 
Byte. Any Byte with the MSB equal to 0 is a data byte. Any given MIDI message 
consists of a Status Byte followed by any number of Data bytes, normally zero, one 
or two, but this is virtually unlimited.
